Azospirillum lipoferum and Pyricularia oryzae laccases were compared, using several substrates and inhibitors. Sixteen phenolic or nonphenolic compounds were found to be substrates of both fungal and bacterial laccases. In the presence of different phenol oxidase inhibitors, P. oryzae and A. lipoferum laccase activities had similar properties.
In animals, plants, fungi, and eubacteria, the main phenol oxidases (PO) are catechol oxidases (tyrosinases) and laccases. In the presence of molecular oxygen, laccases typically oxidize p-and o-diphenols, whereas catechol oxidases oxidize monophenols and o-diphenols (19) , and the quinonic products may be polymerized into large molecules, such as melanins (4) . Laccases have been detected in many fungi and higher plants (19, 26) , but so far only in one bacterium: Azospirillum lipoferum (13) . Laccases have been implicated in the lignification of plant tissues (3) and in the phytopathogenicity of several fungi (4); these oxidizing enzymes have also been associated with browning in food and have been used for the removal of natural phenols or xenobiotics (5, 7, 22) . The list of substrates oxidized by laccases has increased significantly in recent years: methoxy-or amino-monophenols and several nonphenolic compounds such as aromatic diamines, 2,2Ј-azino-di-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), 1-naphthol, hydroxyindoles, and syringaldazine are laccase substrates (8, 19, 26) . Moreover, in the presence of ABTS, laccases are able to oxidize several compounds which are not laccase substrates on their own (6) .
Unlike A. lipoferum 4B, the nonmotile A. lipoferum 4T and A. lipoferum 4Bp, a spontaneous nonmotile form derived from A. lipoferum 4B, all exhibit a laccase activity (2, 13) . A. lipoferum 4B and 4T were isolated from the same rice rhizosphere (25) and are very close genetically (12, 15) . As determined by Tn5 mutagenesis in A. lipoferum 4T, laccase activity is required for melanin production (11) . Azospirillum spp. colonize the rhizospheres of several plants and are used as agricultural inoculants (10) . Both laccase activity and melanization, as O 2 or toxic phenol scavengers, could contribute to the adaptation of A. lipoferum to rhizospheric life (5, 16, 24) .
Fungal and plant laccases have been extensively described by the several substrates and inhibitors active on them (19, 28) , but few data on bacterial laccase activity have been reported (13) . In this work, commercial fungal laccase and catechol oxidase, purified from Pyricularia oryzae and Agaricus bisporus, respectively, have been used as laccase or catechol oxidase references. By using several substrates and PO inhibitors, we showed that bacterial and fungal laccase activities are very similar.
Strains, enzyme preparation, and chemicals. Acellular extracts of A. lipoferum 4B and 4Bp were prepared as previously described (13) and stored at Ϫ20ЊC. All chemicals were purchased from Sigma (St. Louis, Mo.). N-Hydroxyglycine was a gift from E. G. E. Jahgen (17) .
Substrates of bacterial laccase activity. Five classes of chemical compounds were investigated as substrates for laccase: (I) L-tyrosine and several substituted monophenols such as p-coumaric and o-hydroxyphenylacetic or salicylic acids; (II) o-diphenols (catechol, pyrogallol, guaiacol, and protocatechic, gallic, and caffeic acids), L-3,4-dihydroxyphenylalanine, and o-aminophenol, which could be oxidized by both laccase and catechol oxidase; (III) p-diphenol and p-substituted aromatic compounds as typical p-phenol oxidase (p-PO) substrates such as hydroquinone, p-cresol, p-aminophenol, and p-phenylenediamine; (IV) m-diphenols such as resorcinol, orcinol, 4-hexylresorcinol, and 5-pentadecylresorcinol; and (V) other laccase substrates such as syringaldazine, 1-naphthol, ABTS, and 4-and 5-hydroxyindoles. All of these chemicals compounds were dissolved 0.2% (wt/vol) in deionized water or absolute ethanol. The range of substrates used by A. lipoferum laccase was similar to that used by P. oryzae laccase. As diagnostic substrates of the plant and fungal laccases, o-diphenols, o-aminophenol (class II), p-diphenol, and p-aminophenol (class III) were oxidized by A. lipoferum laccase. Because L-tyrosine and several monophenols (class I) were not oxidized by A. lipoferum 4Bp extract, A. lipoferum 4Bp had no o-hydroxylation activity, which is characteristic of catechol oxidase (20) . mDiphenols (class IV) were not oxidized by most plant or fungal catechol oxidases and laccases or by Azospirillum laccase. As noted above, the range of accepted characteristic laccase substrates has recently been expanded (19, 26) . Additional compounds such as syringaldazine, p-phenylenediamine, 1-naphthol, and 4-and 5-hydroxyindoles were also found to be oxidized by A. lipoferum extract (class V). Thus, for all diagnostic substrates, A. lipoferum laccase was similar to P. oryzae laccase. However, the one difference between the two enzymes, namely, the ability to oxidize p-cresol, varied from one laccase to another (20) . Several chemicals which are not laccase substrates on their own are affected by fungal or bacterial laccase activity in the presence of a coupling reagent such as ABTS (6, 13, 23) . Thus, almost all compounds which were oxidized by plant and fungal laccases were also oxidized by A. lipoferum laccase.
Effects of PO inhibitors on bacterial laccase activity. Sensitivity to several specific inhibitors is the second characteristic of PO that we investigated. Because o-aminophenol, p-aminophenol, and syringaldazine were substrates of o-diphenol oxidase (o-PO) or p-PO, and because they were rapidly oxidized into a product with absorbance in the visible spectrum, they are convenient for measuring the inhibition kinetics of PO (14, 27) . Ten microliters of each enzyme preparation was incubated for 10 min at 37ЊC in 200 l of buffer (0.08 M MES, pH 6) with or without inhibitor; kojic acid (9), salicylhydroxamic acid (SHAM) (1), tropolone (18) , N-hydroxyglycine (21), or NaN 3 (20) . Fifty microliters of substrate solution (1 mM; in 70% [vol/vol] ethanol) was added, and the PO activities were analyzed at 37ЊC with a microplate reader (THERMO max ; B. Braun ScienceTec, Les Ulis, France) at 540 (syringaldazine) or 450 (o-and p-aminophenols) nm. For all enzyme preparations, the V max without inhibitor was adjusted to 2.5, 10, and 50 10 Catechol oxidases and laccases, as well as A. lipoferum laccase, were affected by metal chelators such as EDTA and Na azide and, more specifically, by copper chelators such as diethyldithiocarbamate (13, 20) (Table 1) . These characteristics suggest that A. lipoferum laccase is similar to fungal and plant laccases, as well as catechol oxidases, in that copper is necessary for these enzyme activities (20, 26) . However, A. lipoferum laccase activity was affected by two p-PO inhibitors (28), hexadecyltrimethylammonium bromide (13) and N-hydroxyglycine (Table 1) . o-PO activity of A. bisporus catechol oxidase was inhibited by low concentrations of SHAM (7 M) and tropolone (8 M), while o-PO and p-PO activities of both A. lipoferum and P. oryzae laccases remained unaffected by these inhibitor concentrations. With syringaldazine as substrate, both fungal and bacterial laccase activities were only affected by high concentrations (80 M) of SHAM (Table 1 ). All PO enzymes were inhibited by kojic acid, but A. bisporus o-PO activity was 100 times more sensitive than P. oryzae and A. lipoferum o-PO activities. SHAM, tropolone, and N-hydroxyglycine can thus be used to distinguish between catechol oxidase and laccase activities.
The comparison of A. lipoferum and P. oryzae laccase activities showed that their substrates ranges and sensitivities to several inhibitors are similar. These features suggest a similar oxidizing ability among plant, fungal, and bacterial laccases. 
